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(54) CLOCK GENERATION CIRCUIT 

(57)Abstract: 

PURPOSE: To improve consistency of a circuit and to 
stably perform operations by using the current 
controlled delay circuit of the same constitution by a 
ring oscillator provided in a PLL loop and a 
compensation circuit for controlling the operating range. 
CONSTITUTION: Error signals formed in a phase 
comparator 11 are smoothed by an LPF 12 and 
converted into a control voltage VB. The voltage VB is 
converted into current signals by a voltage/current 
conversion circuit 21 for constituting a VCO 13 and 
controls the oscillation frequency of a ring oscillator 
current controlled oscillator 22. The output signals of 
the ring oscillator 22 are frequency divided by a 
frequency divider circuit 14 and supplied to an internal 
circuit as synchronization clocks CLK. The 
compensation circuit 15 is provided to easily perform 
debugging at the time of development by the clocks of 
an extremely low frequency compared to the time of a 
normal operation. By turning the ring oscillator 22 to the * 33 

constitution similar to the current controlled delay circuit in the compensation circuit 15, the 
influence of process dispersion is reduced and it is used for the circuit of a simple structure 
such as a CMOS circuit or the like. 
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(54) [9M®«*M 9Uy>7ftiSm& 



(57) [£ft] <*iE#) 

**#JMIIiIKO«.fflai : F*»6«ISSnfc» 
1 ©H««C«**C I Ni¥*#*ttlElB&©rt«-C#Jdia 

nfc3I2©Jf«#{l^CLK.fc£tefBJfctmi 

* 1 2fc«fcO¥»LT«ffiflM»K:SB»U *tftl!B15 
l©W*ft«-9C I Ni*I^TH8 
HiD »J**ftfc«JE«^t«SI[fi^KaElft-r* tit) 



HI 



* 


2 


3 





(2) 



#B§¥8 - 1 3 9 5 9 



im&m i ] ^awsaaiatt©***!^ a» n 
tern 1 0«ttftte^£¥*#**Ett©i*jfflT»fijcaft 

«JtttS©aa«^*¥»LT«EE«^K*ift-r « D 3 
4 frf ±E*i ©««»«***#*««*« 
»iIBilHl»Oiie«#£±IB» 1 ©fl«»«#££ffln 

»=Sftfc»!EiaK*ffl^T«lflSSnT±IBJB 2 ©J1&& 
OTSilirtt * 'J >^*>' U-i' i** *. *»j&»3U> 

-*smr-&¥te©iiBiiii»tt. 3 

tc^nfc^l »P?t>*JHMOS FETR^Il © 
Nft>WIMOSFETi, *^-5g§ 1 ©P > 
*MMOS FETtSl ©Nft>^JHMOS FE 

t k <fc o nflstt&Edwis «t'5(c$nfc^2©P9 i i'> 

^HM0SFETiS2ONft>^JHM0SFE 
TA»5&5CMOS'f>;'!-^IK-C*5CtS»at 

1 ©:7 p ^5fi*0B. 
[W*JS 3] .hEttfflEMHaailelB&tf U >^^-->u 

CStlitlliilCllOMOSFETi:, frfr&m 
1 ©MOS FET^©*®^^$tlfeV-XIC^^& 
nt/!£5^1#lS©I2 £Sg3©MlbMOS FET 
£, ±IB^2 £^3©M»)MOS FET©h'U-r>lClS 

mSl©^l t!20MOS FETj&>e.&-5H»»y— h0 

s§. 

[**JR4] ±fBmoit$iJ«jl^lH]g§©jlM«^<i:±IB 
SB 1 ©H«*fl*itt, -t©ffifflS6K5»*Lfc««E«^ 
fc«**n, *©«ME«^f=aS-^«r»T»5E«HW*»(M»* 
n*d£fc«tt>T»l ©H«»«#fc»LT«K«^36« 

Hf^©firfflHSrJ#-0<t 5 {C$W$n-5 fc©T<g>-5 d £ £ 
4**£T*«JJ»K1. l»5t?3S2X«W*JS3©i7D>>i7 

[«*3B5] *i»#:**liIK©^1.aB« : 3 t *»6ft*&*n 
fcJB 1 ©fflttftfi*$3t?S«%ttfKSSlBlB©S£ffi 
^£±fEgl 1 ©«Sft«^tSffltr»THjS[*C»«bfc 

iiisft. ±E*8KfM*pajgiEiB £ m uffi&uz znrzm 
mm^m^xm&^nx ±Mm, 1 ©jijsam-^J: o;§5 



s*tr c £ £-r * ^ d y £ 3B£BIS. 
fcHift»fi^£*»*»a«*»«^*iSM&-a-&Jls 1 ©Ji 

*«««#t±E»«lH«6©««E«#*^riE Lfefffl^m 

fWW£n. ±Em©tt%fflttS£lBlB£l3i;ttj£Kd 
ftT±Eftffl^#&tt«Sn*««ft«^Sgtt*iS 

2 ©msftfMfP>i3i @s§ £ ±ias§ 2 <Dm.ffi.umm 

B©m*«^fc*^»T±E*W#**I3»©rt«1?s» 

g£ $ na * d y ^7 ^-^2&^±E(it§it|jEgg \z xti £ n 

*J6 1 ©»S!«#£S»riS bT&S C £ &&Wlh-?Z> V 

[»**7] ¥ill#£fftlElfttt. Pft>^HMO 
SFETtNft>^SMOS FETt*^ft5CM 

os0»«ko#iriEsn* *>©■?** nt*i**i:-r*iii 
»*H2. «*js3. m^4, auj&ssxtt 

6 ©£ D 5/ £ S8£|§18&. 
HB3IJ©flHn&K9§] 
[0 0 0 1] 

[**±©|ijffl»»] C©SSWtt. ?n»^»4EIBl: 
ML, 3ECCMOS»«0ttS«»crt*Sn. ^»3&>6 
#l& S n& * a y £ «^ H JH b £ n »/ * ft * 

[0 0 0 2] 

WttSnfc^'f 5 >y«^©Wtt*fc#fcbTPLLEI 
f&Sfcjfc-fSVCO (tt£Eftlfl93!%JK38) ©^Jl^^S 

^fS^gfiSr&lfflsp 2-2 3 0 8 2 1 ^SglC&^TJI 
[0 0 0 3] 

[fMII**tfft Li "5 £*-*««] ±E©^ n»/ 
«t*^Ttt. VCOtLTlS y ^^^©V^/N* 
-f^U-^SfflVV /W#-5ih7>^^tMOS 
FET <tt*y-HSMB!M»*h 7 £©ffl*- 

yOTfci-Dty h • 'J-fcy h^n^a^IDgS^fiJfflL 

^- 7 S! N 7 > 7. ^ £ M O S F E T t % ¥ag#« 



(3) 
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[0004] z.<D5tw<Dmmt. mmti.ffii&T% t*^ 

tffc*©«;fr©BWi»«&'»«tt. #0J?iisfflS©fESE*5 
[0 0 0 5] 

«W©3%ft*«&*>©©«J«ttJtifcK§^fttf. T 

ftfcJB 1 OH«»flH*i¥*#*a@»OI*J 
»TJgJ«$nfc*2©ffl*«c«^t*tt«Jt«»R:A* 

1 ©n&RA*«3^?SttffiMi9^|eltt©aj£ffi*£ 
±E» 1 ©H»R«*i«m»Tffl«RK#«Lfc«« 

«ffH^&*8fEfi^K:£ifc-r-& i i <b K: Jte»«EI!&© 

«ss«*§- 1 b t±ib««emw 51® ihiss t m emus. \Z 

[0 0 0 6] 

n*'J>^->l/-^i, -C-©Wi^ffiB«iHI9-r«4iA 
fcE»©«E^ttjj«A< & 0 . ynt^;X7y*o»f# 

^cetsMstiT cmos tussig© ± 3 &fB*&«!3S© 

[0 0 0 7] 

[^0>J] sitctt. ;:©«WK*«^Dy^5B*lHi» 

^DyjfH, BiRbfclWI&©rt»lHFtt(tifelc&»©C 
MOSJItftlBlB©fi]fi&ffil::.J:r). ^iBft->U=i>©«fc 
3* 1 «©**#**±fc*^T»J5!E*n*. 
[0 0 0 8] ^5>mCIN (fin) tt, 
*»B»©*««^S#*&3*l*H«R«**"C» 0 , 
ttffljfc*»l 1 ©— ^©AAKflW&Sn*. COttffiJt 
ftiEggl 1 ©^©A^Kte, ^©^H^t^S^^P-y 
*IBBfcJ:0»J«*nfcFI»i^Dy^«^CLK (fv 

/n) *»«»aftia. ■enitKigi lTjBfig^nfcn^ 

{f^ERR«, n£/t*7-i';i'*LPFfc:«fc9 s Ft&£ft 
T*!l?«mJEVBC^|fe$n-5. d©$!lftl«EEVBtt. V 
COl 3£«fi£-r*«JE-«»St^&lE]Sg2 1K:J:0*« 
W^fcSHfcSft. V>!fiti']/—9W.tlMtSm9&S!&2 

2 ©5fi««»R*#JWr«. r©iJ>^->l^-?2 2 
©tH*J*#CVK (fv) «, »ffl|@IiSl 4fc±0 1/ 
N»C#JSI3ft-C, ±BBM*D";i'CLK (fv/N) 



feffittfegsi i tA**ftsrtaj©«»R«^tsti 

-5. ±fB©ip^iSfi)cC<t 0 PLL@»jW8fi££ftS. 
[0 0 0 9] d©3lJS0ijT«. CMOS0ttK:J:O«fifc 

*nfc¥*#jiia0iSK*«an* * p v 

mo s [siKT'sgm k « y >y^- -> u- ? m 

««iw»*«sgtffl^* s b©7?»a. b*»bacj&«6. c: 

©U>^yl/-^2 2(i, * J ?#t4©7°P-feX/'N*7 , y 
*)WRttIl:»LT»±3 oxt>©«fc5K:#1ifK:*€r^ 
ii*6*CD7'J-5 >W»R*«ieW-B*tfC»bT* 

CJfc^Tga&TiH^ifcR©^ D«;J lC«t ^> TFjA^© 

[ooio] r©*t«iatti soasajcwttwfp-t©*)© 

tt. *PlB9!*<Pa«$6fc1*W¥2 - 2 3 0 8 2 1 ^4i* 

IN©jg»RS^bT. VCOl 3®lfP$SI^M 
^■ti--5i:5(C-r-5fc©t i $)0-5. £©*§-&, ±ffi©«fc"5 
CU>^->1/-^ 2 2©:/P-fe7sA*5y=}r-?-© : b©£: 

R-««tt*«0Kfc*9J©I*ttf iHi^Bi^n 

[0 0 1 1] *«58^fc*U»Ttt, ¥*#*4XlBlttK:& 

j££ft*SfS^#tt©yDi**A7y*W:*:£< 1 *>. 3? 

=s\>-*>2 2 <h*t«lEl8S 1 5fcfcEli;#ifi!S©«MI3ttfc 

[0 0 12] i2C(t Ell©VCO 1 3£#t(rfSU 
>^*->l^-^2 2©— mt&&l<Dm&Wtf7ji-2tlT\,* 
5. £©*J5£0iJ©VCO«, CMOSlHl8S©«fc-5!ifaS¥ 
^^i-r-5fci*(C. -5 fc&tf, CMOS ESS 

-paus * tut mss k:-?- © « * itir * -a £ 5 

trr-sfefetc. cmosssecu ytfi-isis—f&m^ 
e.ft-5. c©u>ir*'>u-^tt, tm<k^&ii 
eel 5icisJt*«8ftiW»)SKiaKtH«35t«jaEfc*n 
s. 

[0 0 13] ftJSJ5i£R©M?P£fT5ftdff«fflI vte, 
Nft>*;HMOS FETQ 7 tQ 8 rt^te-SmfiitS 
5-B»;fl»&£SIHWt«flElIS2 2 1 K0«S£ft, CI © 
MOS F E T Q 7 jiMy— h [USS 2 2 2 S«^f5N 
ft>^MMOSFETQ 1 O^tttoStS 
2 ft*. ±IBMOS FETQ8© HU-f >Ctt. ^ 
- HYSSOP?* >*;H!MOS FETQ9«J 
ft, W^MOSFETQ9tl2y-MsIjg|2 2 2 * 
Mt5P5 : t>^HMOSFETQl lmttfmffi 

MOS FETQ 1 0ftPft>^JHMOS FETQ 



(4) 
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1 imt. fW«««tI vfct£tJ&*«*«E-r?I*«*ffl 

[0 0 14] »ffiy-Matt2 2 2tt, «*tbTf»J* 
WfcjKStlT^S* 1 <D\B\m<D£v\Z, ±E«5JX«8KiR 
(hLTl^Nft^MMOS FETQ 1 OtP 
?t>*;HMOS FETQ 1 1 CMOS-f 
^HK&MjS-TaN? 1 * >W$MO S F E TQ 

1 2tPft>^HMOSFETQ 1 3;WE#l»JgK: 
ftM$n^>o ZtllZ&D, CMOS>f W^-^EJ&tBlS 

FETQ 1 0SO'P^t>WiMOS FETQ 1 1 \Z 

t p v= 1/ (a 0 ■ I v) 
±E<0HJS0U-Ctt, #l-#9©«k5ft9S©iJ>^ 
yl/-^tUl^MI:, KiHSSfvUl/ (1 
f v= (a 0 • Iv) /18 
[0 0 16] H3fctt, ±EU - 
H»»#ttH*««SftTV^ B ±IB»WmSE I v fciB 
y— MagS2 2 2 t p v t<OB8«tt- ±fB<£> 

.fcifc&aEJfctfltfc:*. ^bT, ilffiBSfW t p v <t» 

f vttfflflMMKl v.KKIiJtMLTMffl 

Wt I v c tt*n«^lSLfcWfl«j5fE7?»«>. 
[0 0 17] H4 fctt, IK] 1 <0««HIK1 5G>— *S£0il 

tt, 1/2#JSIhI»1 5 1 C±t)»H*nT/^BO 
^3.-7=-^ 7^5 0 %\Z^tlfz.J\)V7, aC^^tlt^O 
&*n«>o ^C0/t;U7, a tt, S^$ffliIS*leI£S 1 5 2 t3 
ckDilM^n^o 2lO«Sft«iJfflia3ElHlKl 5 2Hck0 5S 

1 5 3l:AA^n^)o dCHaiillSSl 5 3tt, t>H^ 
-M3&G1, G2&lPf >A*-^[E]g§N 1, N2K<k 

o*j5Ksn, ±e«36eibi 5 2fc±*«3eisrflK:*tt& 

£ ±IS/^;UX d ©BSPfl £31 b 51 ^fclSPifl O/W;* e £§g 

[0018] o^o* sismtgi 5 3«u **f 5>4jMs 

§CIN©1 J3»!Pfl^45^T±EiIffi[ElK 1 5 2 CDSM 
RFPflf'*HSbfc^;i/XdJr«kD, ^^-^3K>^IhIK1 
5 4OPft>**SM0S FETQ 1 S^>«SltcL 
T+tAy^ (CI) 1 5 SfcJgflMEBl pfccfcD? 1 * 
-yJy^St, aOcOWfPflt^HeUfc/^l/^ e tct t) 
^V — v#>:7|§I&l 5 4<ONft>*;l/SMOSFE 
TQ2St>ttfil:LT*WV>^ (CI) 155^ 

*f C I Ntt, ^JSlilgS 1 5 1 K«fct) 1/2 fC^JS^nT 
^££>T, ±E®«k3&^* — ^Ty^i^X-? 1 *-- 
^-f 5 >i/«#C I N02«fflfclIilfl!5#JD-& 



J:0ft3t*n5 o ±EMOSFETQ12iQ13®y 

-m, ^mmm^nxmmm (#9) ©iiKy-nn 

82 2 2©|liA«W(IISn*, ±f3MOSFETQ 
1 2 i Q 1 3 © F >««*ai:»ajf ftT, 
# 2 CDH«&CMO S-f Wt-^iattOA**? 

[0 0 15] ±Eft(»«8iEI v£MBy-M3»2 2 2 

©K»mtpvi©nm KKKJtwii&o, 

(1) T~m-rz.ttfT*ZZ><, Z.ZX\ aOtt£ST* 
S. 

(1) 

8 • t p v) iftO, ±E3 (i) KiDifcfiDsS (2) 
/SibT, *JB«*»f vtt«»«8SI vfcjtWf-S. 

(2) 

1 5 S\$M<Dmffi<DWiM$:&W*?Z>ZttteZ> 0 

[0 0 19] ±EO<t5&*tAv^ 1 5 5 (£>®Jf£{S^f 
ftt, JafiRl<h + t/ty^C2^^^§D»J/U7^ 
1 5 6 £<k V^-m^n&o ZCDUOrtT.? 4 I 
5 6<Dtti*«BEgtt* «JE-«SESE«EK8l 5 7fcA* 

^nTm^tfi^- 1 M\z^m^nz>» ±ibsje4h 

■g-gtt, Nft>*MMOSFETQ3^-hty 

aiftsns. i Mtt, Pft>*MMO 

S FETQ 4 tQ 5K^Q6*^3Q:5««E5^ — IhIKJc: 
£9> — ^JiMOS FETQ5*fflbT±EiS3SEKl 
5 2 OSfflSSft I xibT, fiJHMOS FETQ6£ 
iibTmffBVCO 1 3(0*t««»t I c ^bTtatr^n 

[0 0 2 0] ±E*JW«8fE I x \t. ffifEia 2 © U >^ 
vU-*<fc[^«&N^*>*;U8!MOS FETQ 7 ' £ 
Q8' *^"E>*:S«ffi5 7 — ISgS^e>3iseiJI8«iffi|iIK2 

2 1 \zm%ZnZ>o S F E TQ 7 * «ilMy— 
MUSS 2 2 2 £*8j£t~3N^>*;i/lJMOS FETQ 
10* »«k««E5 5—JBIi^*ns 0 ±IBMOSFET 
Q8' <D FH >Ktt^:*— F»ffi©P^*>*;i/a! 
MOSFETQ9' 4<Btf5tl5, C1C0MOSFETQ 
9" iil^y- HUBS 2 2 2 Srjfcjsrr SP^t^H 
MOSFETQ1 1 ' #itt«8K5 5-Jgffi^Sn-5). 
^nfcckO, ±EN?t >*JI/iMO S F E TQ 1 0 ' 
f tPft>*JHMOSFETQl 1* 9B, fftHHtt 

[0 0 2 1] iBSy— MUK2 2 2tt, MtLTffK 
Mfc^StlTl^# 1 <D®m<D&?\Z* ±EpIXS8S» 
chlTlM^)Nft>^HMOSFETQl 0' i 
Pft>*MMOSFETQll' £ <E> fifl £ , CMO 
S-f >A—*®&&mi3LT2>N : ?*>*)l'MMOS FE 
TQ12' iPft>*;HMOSFETQ13' 



(5) 
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®jffi*<±!2nJ&«JfEilS<hLT©N5 1 +>*;i'l!MOS F 
ETQ 1 0 * RI/PftV^JUMOS FETQ 1 1 ' 
fcADSMSSfl*. ±IBMOSFETQl 2' tQl 

3 ' ©y- M*. #atttt£ftT±B0-HiHii6 1 5 1 \z 

£.r)ttm2ntcXjlrt)V7.a.tim%§-£n2>. ±f2MOS 
FETQ12' iQ13' © KU-f *1 
T. ^§t@K# 2 OHftfeCMO S-f >/t-^@BOA 

[ 0 0 2 2 ] ±BBiBffiy— MhJSS (#1) tt. ±E©«k 
5&Pft>^HMOSFETiNfY>^H!MO 

5 FET©y— h*«RtWE*e**»6<t**attft«r 

!i*c$ijis$n&ii*«, ii^y— Mass 2 22H # 1 *> 

6 # 7 £T©£gBT- 7 iSCDil^y- h ®»1fimm»Wli£ 
[0 0 2 3] ±B^< S.>^iB^rC I N©/f»l ( 1/ f 

i n) iimmm&iz&zmmmm t i£<Dit^^-s<t 

fc*.fc"5fc:±K»JSy- MUSS 2 2 2 ©SKftM t p x 
Zffl'fflmffi. I xfc«fc?)IMffrs. 5"f5>^ffCIN 

coj^^« r«RJb-6«ift* f i n \z&ctcffimmm i c £ 

£©<fc^©J13&& f i n<h«fit«S&I ctffl 

mmt. mfc&f i n*^<^nfc£^fc«^ (1/ 

fin) ***S< & K> , M3K 2 2 2 ©iE5£l$W 

t p x t>/hS<^-5«t5l-«iJffllSa£ I x £ I c 
£<-T£. i^K. i iuWft<Sftfc£:*fcttW 

KB (1/f in) **S<&0, »3fiy-Ma»2 2 2 © 
iiMi^Mt pxfe*£<&£<fc?t;:fMffltt8itl xtlc 

i N©i^&^*«sft{i^(c^-r-5»)f^^f : f'5. 

[0 0 2 4] ±£ttHRtt%I c«, 3fcfcR9rr*«fc-5l:: 
mjE-mgft^(HlSS2 1 ^^-LTjISMlCVCOtLT 
tfUrTS'J 2 2©+iCi>ffl«* f v c 

uffltt, ttMESSl 5ft*5lriTllM 

>^S^U'-^05BiH««fcOft«>*ilffiy-M3!8i: 

a»Hi;*ritK:anTv»* ««t«ixiiv 

CBESHSbftB«iftfi. bfttfoT. VCOfc#*S 

■znzmnnm i c tast f v c t©*ag? 

i. ttflSESS 1 5 ds(t««4t«8S I cii"f3 >^<I 

*c i N(Dm&?& f in tomm tit, 

i n iSea + ^JW** f v c £€tt«H«K:«"3i:£tf* 
TS*. ^©<k5tC IeJSS 1 5 VC0 13©tb 

fp««©f'C?H«ft f v c snsBiTf^sAaaft** 

-f 5>^lt^C I N©Jf&Scf i n»cJt«Ufc«fca:4 



[0 0 2 5] PLLI3(SK:J:4*Dy*3B£0E8Ttt. 
A**tl*^-f 5>^«-9C I N©Jl&gcf i ntVC 
Oi 3©^|gta^CVK©j^iSS5: f vtcTOi, PL 

7<Dfrm%.%N£-?2>}i f i n = f v/N) _t 
ftmm&f i n£«fittl:2jf v©Jfc«:£*£±El,&*| 
fflHlSSl 5tC«fc5jg&& f iniVCOl 3©««+<fr 

a f v t f v c rates, wmmtimn 

©*«*?a»SAASft**-f 5 >^flH»C I N©Jf & 
f v c ©j«-efi?fclMrra. 

[0 0 2 6] E5Kte. 0 1 ©VCO 1 3 (C^n-SS 
JE-1Sit^^lElSS2 1©— *»«©EI8H#5R3ftT^ 
-5. PLL^-y©Di?/U7^Ml2TK^nt 

IMOS FETQ 1 9iQl 8 <Df— V \Z*iCi.*mffl& 
£*l*. ±fB^f&MOS FETQ 1 8 tQ 1 9©&iift; 

MOSFETQl 6Aiitfen5. ^©MOSFETQ 

1 6tt. ±GM4t@Bl 5Tf»J«dnfc*lflt«8iEI c *< 

Sn&^-f t- Higf8(!5Nf t >^)H!MO S F E 
TQ15i*«55-»»t:*ft6. -t-tl*. 5 
-flC^nfcMOSFETQl 5<hQl 6©+M"X*lt 

2 = a 2 • I c ©J:5fr$n-5. 

[0 0 2 7] ±BBH!frMO S FETQ1 8<tQl 9 © F 

u-octe. 5— fitmizzno p^*>*;him 

OSFETQ2 0, Q2 l**tStt£>*X-5„ — 7j©3lg!jM 
OSFETQ1 8©b*l"f >«SSd«±fg«git5 5-^Si 
KStt&MOS FETQ2 0iQ2 1 £:frLT|5] DSMt 
MJOISMOS FETQ19CHH ><B>JJ::£rt*l£ 
£.0\z2tl2>. bfctf^T, MW«ffiVB£*ip«JEV 
R£*i^b^£^»Ctt. MlMOSFETQ18tQl 
9 © >ICB. I 2/2©^L^magJ&WlTHi27 
/- K©«oittt*fC^-g). $dfflmiEVB^ii5<$nTM 
OSFETQ1 9 Ifi^T >WWiT. MOS FETQ 1 8^ 
^"7^Si!&e.MOS FETQ 1 9iCtt@Sgl 2**85*1, 
^•©tti*y-MC«- I 2©J:5aK^*tll&»« 
*dtSP®ffVB**te< SntMOS FETQ 1 8** 
^->«ffiT, MOSFETQ19^7ttffi&5MOS 
FETQ1 8Ctt««EI 2**gft*l. ±fBm^t5 ^ — [hISS 
*iibTUl^/'-h*fc«+ I 2©i-5ttJ¥l/aL««* 

[0 0 2 8] ±fSW«mfiS I c ^WSMOSFETQ 
1 51:11 «S55 7-^C^nfeN5 1 Y>*^MO 
S FETQ 1 7**18: It 6*1 •&„ uCMOS FETQ1 7 



IKMOS FETQ2 2**Rfr*'5tt£, ^OMOSFET 
Q2 2l:lt ±EMOS FETQl 7tiO»jSE$n& 

tx-5ct5fc^n^ 0 cmKJ;^ _hEP^-\*>*;^M 

OSFETQ2 2 ESSIES ^— Stlfc P 5^ 
JHMOSFETQ2 3*^±IB««E I 1 ± I 2 KttlS 

tlitMOS FETQl 5 £Q 1 7 (DIM XJtfcSEo T*f 
«««E IctI 1 0 , I 1 = a 1 ■ 

coo29] H6fcte> ±mmj£-mm^Wk®$&<Dmft 
*mw"rs&«>o«Fttia*^snT^5, (a> ^a, 

VB-I vWSSntM. (A) ©Wttfc*^ 
T, SqS«JEVRSr**j>fcL/T*JW«flEVB*<iEXttft 

(B) tea, I c - I v»tt*S*ftT^5. MM®& 

»i 2 3^*K:jt«wjcjEft-r-5^t39«*anT^s. * 

SK I 1H *^«MW«fflt I v c *i8^t"Sfe<D7?»t), 
•SKI 2ttPLL©IBI»*EEVBfc»j6L,fc«ifPieH© 

H;*cffi I vm a x tl/hi I vm i n £rt£^lf~£o 

[0030] h7k:h m2<Dffimmffi<Dmft$:mw-$- 
zit&vfcMmtfi^-znx^z. ^^r^>^ciN 

t p x = 1/ (aO • Ix) 
^ntcj:0, ilffififlWt Ittii3gy-Mg»2 2 2 3ft«# 

t 1 = 7 t p x 
[0 0 3 3] clCDP^fyj t 1 fc*3^T, ««E I p \Z <t 0 ^ 

^SA^n^. C<Dtct&, 1 5 5<£>mJE f 

±#-r*. fit, PSWJ t 2 t (l/f I n) - t 1] 
Qp = t 1 • I p 

Qd=t2 - Id= ( (1/f in) 
[0 0 3 4] uVrt7^7 -4 1 5 6 ±E©«JE f 

^ >*mmo sfetq3 ©y- h tcEpja^nx, 
pimnwt i Mtcxift^n, *«f5 5-imBa*3ibT±E 

MslB2 2 2 KiBJPSPif] t px»IS$n§o 
[0 0 3 5] COmWtl xifljz&^m&Zte* 3t (3) 

^vmmrnm t px#/hs<ao, * (4) \z&o?v 
?*-s?nspa t i t>ja< t*£. a: (5) ^.t 

0, ««rQp#/hS<, it (6) tct0«?WQd*«** 
<ftSJt«)tC, JrVrtz/f 1 5 5 (O^EE f «Tt, * 
0¥»Yfc*nfcWJ««ffig t>«TLT±E«8it I M£/h 

1/f in = 7- tpx (1+ (If 

z.n\$, 94 * >?mnc i ncdj^ i/f in tpm 
(Dmm^-bmm2 2 2<dmm&wi t p x tott***— 



M¥8-l 3 9 5 9 
tt, ^JSIhIKI 5 1 fcck(9 l/2^«$*6tlT/^ 

^*i^a*{i-^c i nod 1 mn\znfoi;tz.n)i7stm^^ 

mgSSffljlMlElK 1 5 2 (CA^J^tlT, i!3£A;UXbA* 
^f££n£ e dne> 2^co/i;UX atbll 
5 3*rcfc0iiiiWFPfl t 1 i:*[«LTP^l/^;n:Sn5 
/^Xdi, ±EA*«^C I N<BlJS#ia>e>±Eiiif 
t 1 SrSl^fcWfPBl t 2 tcMiSbT/W U^UcSft 

[0 0 3 1] ±Mn)V7,d<DU^U^)V\ZX 0, 
> ? 7^>V P [H1SS1 5 4(DP^t>^HMOS FETQl 
J^^ttffifc&oT*^^ 1 5 5 Sft-^Ty^ 

S§CDN^^>^;i/^MOS FETQ2 S*>«ffitC&o 
T±E*-W1:>^ i 5 5 Stt^*^* — >*Si*-£. d£> 
fc», +WV>^15 5l:ll ±E^*-S**f£<t^ 

o«JEE«-^ftt, □ l ?/U7^Ml5 6t:i;i9¥rl^ 

[0 0 3 2] iJiy-MiIB2 2 2lt <J>^*^U- 
^22 T^^T^^S^^r- h HIBt BUI3B#|dci b 

BtpxiCHftttfflES (l) tHUj&Ra 
T5£ (3) 0<k3i:Sf^fc35«Tt5. 

(3) 

(4) <D£?\zm-?C£tfT*T*Z> 0 

(4) 

ffiQ<Hfitktii2ti2>z:ii\z&r)* ±E«JEEfttT»-T 
±E«fflfQpiQdtt, #5$ (5) , (6) fcekt) 

m-?z.ttfx%2> 0 

(5) 

- t 1] • I d (6) 

£<-T£o &\z* ZKDm^t I x*</h*^«^l:tt, JC 
(3) ^rjjS&iSrP*! t px^<^0, SC (4) tcj; 
O^Uft-y^lt lfcfi<fc*. "T*i, a (5) 
£<k0, H»Qpi«*S<<, 3; (6) f:J:DlSQd 
**/jNS<a5fc»^, *-W^>^ 1 5 5CD«J£f *«±^. 
*O5F»ft*nfc*0««£Egt)i|»*bT±E«8ttI 

[0 0 3 6] -r&to-fe, ±EEItttt, ft»s;u-:/£« 

- vtt«rQ p th^ X?^— y*ffifQ d t^-at5i 
%X<bD. SC (5) <h (6) K43^T, Qp=Qd(ht 

a (7) s^fiicfi-r*. 

/Id)] (7) 

^TS^Ci:^«^b, a (7) ^fiEA-rSct^&ftOffll 



(7) 
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t> ±gBffl»««ixtt, st (7) <ta: o) ±ti*a 

(8) (D&vlZp-l *><!?m^C I NCDi^ffi^ f int 

I x= (7/a 0) • [1 + (I i 
[0 0 3 7]fLT, ±fBM»«jS«I xiJt«bfc*« 
@8ft I c £ Jg/£-r 5 tt»t Ictlx <DBC£& 

I c = a 3 • I xttSt, (9) 

I c = (7 ■ a 3/a 0) • [14 
[0 0 3 8] H8»c»4, ±l2M«IeISg^ J E-n^ffl^fcP 
LLSKMTS&«>0«rttBl3^S*nT^*. (A) 

5>4^«^C I NOBISftf i nt*«jt«-r*;:t3W* 

*nt^5. (B) tt, PLLCD^ttS^&^o ±E« 
f v c = (7/ 1 8) • a 1 • a 3 

[0 0 3 9] PLLJ^ytll 5l#ii*«T<0A*S 

fts^-r ^ >?mnc i no^&is f i n tvco 1 3 

©#Hifc**NT»£&*fc:, f v = N • f i n 

N= (7/18) ■ a 1 • a 3 • 
[0 0 4 0] (1 1) fccfc^T, a 1, a 3ttftfc« 
SfU ^-0^ COM OS FETtDtMXJfcKffi^TftJfcS 
ft, mWt I pi: I d fcHfil&SflES ^-[e]g§c£>MO S F 
ET©lMXJtfc,koTR3£"rsc: £T'^Z>o ffcto 
■6, CO*»W©VCOI:*^TH, MOSFET(0# 

[0 0 4 1] H9fctt, Z.<D$&W\Z%2>2Uyi?f£Qm 
*Jfifi»JOIsIBH3&^*nT^^. Sf[|B©J:5&CMOS 

©t)©iI*lT^5^ *ft*fttt»Jfl©|§I»*1iBS 
J*^*>CDT*5£g#Sftfcl>o ^Ogl 1 

[0042] mmnn&i v' tt, ^^-FJBffi^N^ 

t >*JH©MO S F E TQ 1 n§. dZ>MO 

SFETQ1 t«*iLT«i|*W(cS*tlT^SISfty 

— hubs 3 o 2 osjf^sac^^^-r^N5 i v>^;^co 

SffiiIBMOSFETQ2£«ffi5:7r^ffifc3ft*- d 
<0MOSFETQ2OKK>H, N^^>^;i/^C0^ 
1MOS FETQ 3 iQ 4 Oftii 

tbt, #flMOSFETQ3tQ40KK>tt 

J: 0 ffita^^ 1 1, Tftm 2 * 6 ft* P ^ * > *;H!M 
OSFETQ5 £Q 6**ftffiffiiftiLTl8t*Sft*. 



/Id) ) - fin • • • • (8) 

n £jWfcMT£C£**fU*. 

(Ip/Id)) • f in • • • (9) 

«EBl ScDffiMMffil cKcfcO VCOI 3 0^Sf§ 

(2) «t*$ffi»*8lEI v*««JE-«8K«ft0B<O*»E 

II (=a 1 • I c) ift^fcafti:, ^ (10) <D& 
o\zm?ZL£WX%Z>* 
• (1+ (Ip/Id) ] -fin 

(10) 

l^bL C©»HJtN*a (10) ©Jtflaj3£»t^ 
S ( 1 1) IrI U < "T <b 3tc & . fvtfvcttt 

-3k-$~z>z. t\zuz>„ 

(1+ (Ip/Id) ) • • • (11) 

[0 0 4 3] Hfty— H0B3 0 2 tt, #1&^L#5 
*>e>&5 5S@K**iJ >* r ttl:8»SntU >^;*->u 

aotUAfifH 3fcaHIB#2©|616MOSFET<3[)dr 

-hfc-tft^twwesn* etTW«Ki/T*aoffi«cD 

m*«^^cS0»©i6«rA*^«!(&SftT, V>if* 

^sm*aft*«iiow*«^tt, *aig»cDj6ftA* 

j££i±£ft£ e *fttt, «W«JE©«»©jBf»**«^ 
[0 0 4 4] ^©^ififclTtt, »5RBjS»y-MEl» 

# 5<o«a©ffl*«#*^iaais»y— mhk# 1 k 

»fi$ft*££fcK:* m*i§l&l§lK3 0 3 l:fiie,n 
*o ttl#|g»EI8&3 0 3X11 HKbMO S FETQ8i 

*o f bT, Cft^^KjMOS FETQ 8 £Q 9 ££*il 

v - x <t ieib cds mm^L t <d m \z \$mwtm t l t <d n ^ 

*>*;PSMOSFETQ7#i8tt&ft<&. ±fBHffijM 
OSFETQ8iQ9®PK>f:tt P3^>*;i^ 
MOSFETQIOtQl 1 S 5 -Egg** 

7#^:/©WiaK£LTi8fr*SftS. ClfttCctO, zs 
>^;i/X>H©i««m*«^»riESft, artSKKt* 

e>ftfcCMo s-r >yx— ^iiiKsaiUTCMo s 
<z)*a«^cvK**ai*aft-6. 

[0 0 4 5] HlOKtt, ±9&m9<DV>#*i'l'-jr 

\zn^nrzmm^<D-mmm<Dm^^mf}^^ 
ft, eh i ttt-t©i&fPift»Bi3&«*aftT^-&. mmm 

\z&V ftm^ftx namely' =l— x^^s o %fc£ft 
fcAJUXaJc:^lft$ftTKOji*ftS. u^Xa 



(8) 
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n»y— himi»3 o 2**# i i o^e>i: i o 
g§3 o 3 saLtfflAsn&AM aoasEft-^htt* 

-tOA^/^XattfetctSSiaBS 1 3tCAA^n 
So C<^^aiHlg§3 1 3tt, t>Hy-HsIiSGlM 
Wt-^EBNlfcctDftrt^ft, ±fBi!M SB 

>^fi*f C I N(D2ii (1/f in+l/f in) * 

&±e»«psra (t 3) ©^Mftausi^fcRfm t 4«r 
[0 0 4 6] oso, iiaims§3 i 3 a, ^-f s 

I NWIHJHPJJ (1/f i n) fci5^T±E««l§I 
BG>iiffiU#Pflt 3 K#jSLT££l*/^X i *o£U^;U 
<fc LT, — ^3S>y@K3 1 4(DP^*>*;i/S!M 
OSFETQ1 £^>tti^lCbT*Wl:>^C 1 ZfeM 
WLMl pKiOft-^y^St, ±E2»#©'5'5 

tLT, ^^-> f #>7 p IhISS3 1 4 0N?t>WiM 
OSFETQ2*t>tt!6l:l/T*V/V>^C 1 ZfeW, 
SHE I dl:«kt)T-<7ft-yst5. 

[0 0 4 7] ±IBOJ;d&^-WV>^C 1 SJElf j 
tt, t >*MMO S F E T Q 3 oy- h i V-X 

£<D«fltfI-^«\ P?t>*JHMOSFETQ4 

MOS FETQ5*SbT±IS313ffiiai5©ftJffll«8fEI x 
iUT, ffi^TttMOS FETQ6SrabTfflrlBVCO© 

[0 0 4 8] ±Eft!lW««t I xtt, i*EB9 fcjRLfcJ; 

1/-* t BS&Nf t >*MMO S F 

etq7 tQ8^^u^mm^^-^m^mhxmmy 

h[e]B# 1 lCte±fBA#A;i/X a ^-J^ilMO S F 
ETQ 9©y— MCfltf&Sn, WOilMOSFET 

mg§3 i n?»^ati&+j««ffi3&t«j»*n-5. fg2j£ 
fi:«»sn, ±Eit9iiies3 1 3 Kerens. 

0B3 13O-fWWHBNl»t ±fBM»ttf#le]B 

3 0 3cotti^{i^^CMOS u^;hc^-T3U^;i^ 

[0 0 4 9] ±EH»y— MslB (# 1 ) it. MO S F 
ETQ8 ftrzW)ttmmmW)M OSFETQ9 

tQ 1 ot^«kD«o#Ae»nT^aiHiK©y— 



±5(CLT«-^ilJi*fTfc*5. ±fBMO S F ETQ 8 
MOS FETQ7Kffift*ftJffltt8Sl x KfcHCLT^fc; 

[0 0 5 0] ±fB^< ^>^{f^C I N£D)i«i (1/f 
in) £BJi0Kfc.fcsaffifl$ri8 t 3 tfi0Jt**<— ffi<t 

^^j;5tc±f3MSjy-hiHig§3 o 2<Dmm^mt PX 
»j«-r<5o cicD<h#^/s^s f i n tmmmm i c t<D 

Hffi»> JBO&lfcf i n#K<£ft&i*fcB:JBJW (1/ 

fin) *«$s<&o, n»y- NEB 3 0 2 ommmm 

t p x fe/h*<?5:5«t3^ftfjffll««t I I c 
£<-T£o ififc, fl&&f i n««fi<snti*l:fifl 

i d/f in) a*ft<&g, mfty-MHi»3 o 24) 

5SJiH*IW t px t>*#r<&S«fc3^Wffll«8it I xtlc 

[0051] ±E*t««at i c tt, mmm 5 ®i 5 

ffi-«»*«0tt*^LT*»WK: V C O t LTlffflt 
SU>^*'>U— ^O^itjgjftft f v c &&:£>Z>Ct\Z 

nti/^Clt^S, ft'Jffll«Sf£I xi I vt*«Si : F0^ , D 

[0 0 5 2] C^^ifiCTTtt, ^■v-> ? ^>yiHlB3 1 
C 1 **«"TS3£«««t I P^MI^S 1-S4^I 

T«^0SA*ffS«fc5fcLTt>5. otO, PLL 
5l#ii*«TOA**tlS^>f 5 >^f-^ 
C I N<£>J1&$: f i n LVCO 1 3<E>fgJgJ!&iS: fvi 
<OB«H ;i/-^rt<D»SHIBl 4O»HJt(0N^«t 0 

l-S4»C±0±E»«JtNfc»*UT«i«I pild 
©Jt**3ELT\ fflESC (11) c0BB«S«^<k'5t-r 

[0 0 5 3] HI 2Clt Z<Df£BJi\zffi2>i; a 

BJcrfii^enT^So ^^0, pl L©<t3tcffiffiS7? 



(9) 
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[0 0 5 4] HO*JSffilTB. AMB©.k3fttlMtlBlB£ 

*M'M-?Z>^£\Z£.K>. 5$ (10) fc«LfcJ;5«:H« 

XfC^LT, i«Snt;U7 6«Btt 5 f D y jr« 

^|siS§ic:j£<fiJffl-r-5 Z. 5. 

[0 0 5 5] 013l:tt, Z.CQ$£BF}\z1&2>>7ay?5g£. 
[HlSSOJgtCftfiO— ^SS^JCD^D ^ i7 0*t^stlTI/iS. 

Wt'f*. 01©PLLHI!g©5^, PL L)U— ~f\zW A 
*2 2 fc«AT*t«lHltt 1 5 £ h 5* 

-i" I'-r lass 2 3:wbh£*i5. 
[0056] cio^jsey-m. ^-f 5 >^<t#C I N© 

mtott«SERR*tt«it«»i nrttai/, p 
iw»y-h7*-f K0B2 3©»i^s^ff 5. cnc± 

ttSmSIMffly-h'T-f W IhISS 2 3©|±i*«#CLK 
tt, ±EA**-f 5 >#m^C I NtcMbTii^^nT 

CCfcfiJSfcfc^Tfc, MIBO*«SWtra*fc*t«EISl 

5 Cffl^&n-5S85$!lW3lMlHlKt±EA*fS-^C I N 
^jlMcf&-&^Mt$ l J^^— hr-f KIUB8 2 3 i*^|W|C 

[0 0 5 7] Hl4fctt, ±E«*IW»y-h7*-< H" 
HIS©— *fi5«©EBH****nT^ia. tt. 
l»EH2©U>y*">U— ^tnUiB8iy-MgiS2 2 
2jW«ja»ttUT*fi£*n*. H2CDiJ>^->I/-j' 
iSfcSjfett. flM*§t©Uft«9tffflg:ls]Bk:«ftjI£tt 

[0 0 5 8] H15CB. ««EfW»y— hx-f U-f IBB 
©»«s*KHT*fc*©ttttH#jSaftT^*. (A) 

\z\t. mmmtei t d <higtt©$!)^msit i/ivi©Mi 



Pelt dfi, fri^gSt I v tfcitmOMmz&Zo (B) 
Kite, ±EttftlElISKJ:«4'<biiKI$M tdci. ffitt 
M:ttSgK«t*ttffi36ERRK»*Ufc«^:iB3aEWfWt d 

m a x tM'i^MMV%T$ t dm i n i^^ntHS. £ 

n», S8©#ttia (B) ifcrastt-rirs*. 

[0 0 5 9] i©*afi«|k:*V»T'b, 3i3£B#P B 1 tdci 
^-f3>^«^©«JB (1/f i n) t©Hff*». fflE 

mis icmss 3 7 - mi& ©m o s f e t ©+m xit kse o 

Tft3fe$*l-5. -T&fr-fe, d©SIJS«SJ©jSMlHlB§K*^ 
T«. MO S F E TO W»t»Tt>, -?-©« 

y**ffi»Sn. fitfcAA^-f 5 >^«^C I N©J1& 
jRt»«bft:l£«r»a«*llEH'r©ftJ6!a:«ifP*»*ST* 

-So 

[0 0 6 0] Et±RWbfc«t5K. AA*h4^5> 
^«**C I N©J^&^cf i nc?»yDt7A7'; + 

±ffi©«k-5?iffi«lHlK*K^fcCtC«fcD, *-5V»ttii 
3ffiliI»©)15Sg5{t:®«S»E<K3£-e€r-&&«). jlMESS 
T©jI5£EJP4 t dd*^-f5>^-^C I NCMH (1/ 
fin) i— »L.fc< <hfc 2 «±©i ;?*&«© <h£f;:t> 
BI«iUTU*5«flaH«i*B&<i:t*»T*4'b©t!tt 
-5c 

[0 0 6 1] 016Clt COfgHJt'^&^n 

@ss^i§« £ n&*««ias«©— *as« © ^ d y z m 

^iSftT^S. C©Hig^J©1fffiMS^g«> 1^01' 
^&T^\fc5&l^©¥iSWitM»lH]g&gSLS I fc«fc 
9«jEdc£*l£:R I S CSiyn-fey+HciRjtf 
[0 0 6 2] ^□^^^^HISSCPGtt. fllJBE©«k-3& 

-Cac h e a^P^5A*fetttS^++ y ya ^ 
t'JTabO. D-C a c h e ft?'—? Zfeffi? Z^r-? 
ffl+tyya/^'JT**. IU«IMIa-7hT 

[0 0 6 3] ±E^Py^fg£[§|g§CPGT"^»j££*l*: 
^Dy^AJl/Xtt, >7Uy{7 ^-fA'tiDfy^i 
ffit;:#IELT=&rtgB@g§tc&^£ti-2>„ oSO. ? n y 

©ffiS©7> + i-^^^-r«t Plc-T-So fLT, jj$I£© 

fn^j'.^'f^oHiijB. ftmzmm mm) znx 
pay? f 7 ^ rtz<£ts2 a y 2 ftmm&T-cDm^mm 

©A y y * £ S ^ \Z ffiiRf -5 <fc -5 (C ^ n-s . 

[0 0 6 4] ^D^^^^IhISSCPGT^, 
«©S*|ii:&*rt«^ D y 9 t»»*6A»*h6i"r 

5 >y<a^c i n t3&»Fiai-r*«t ^ \zn^>t> n ^ 



(10) 
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a„ *LT. fjS]m<D&5izi7Uy?&§i®9&CPG\Z$> 
/*5y*fc#UT*>*©»fe#Sfejre*D, PL LESS 

;* is ©fcina^B £ & a . 

[0 0 6 5] CO*Jfi«©^ny^*±lpIBSCPG-C 

A^j^-r s yi/m^c i NoiSDiBofljtftkus 

#LTrtffl*ny*Sj«|*fl£fc»£a-&a. H©ll£lc 
fib. a*»fPlC*l»Ttt. *g*ffi«T-©{t^SB^ 
T©£ D y *H«ft LfcJtttWftU* D * 

ffiU **»#*«lltt*«-CHPLL©»«JtC*tlfi: 
b&J:Efi*HE»-e©«#e»»«*©±IR*i8*.a.fc 
•5 ftiSJUSftWrtSB^ d y 9 -B- 4 «fc 5 C bTiS 

a»f££fT;biJ-a. 
[0 0 6 6] S&. JbB*ny*«£EBSa«**;Srnfc 

*. ±E*-f 3 >ifim^C I N©H»R£-t*lfc*#*L- 
Tfi< twrrafc* WT. «OJ;5^Tny ^ffl©? D 

* \Zft V «fc 5 ^ £ £ £ a . 
[0 0 6 7] ±E©*K«*»6»&ft*fftlS&*tt, T 

IB©3IOT2&a„ "Tft:b-£, 

(i) ¥**AftisB©ftffiw?ft>&iMg£nft:£i 
©w**«*£*tt«jtift»fc.\au a>a»attffitfctt 

fCfSL.. *tflH3KlcJ;0±E*l©JBS[«c(l^SS 

ttaSM$tJ«S£0&©i§&«-5t£±feS« 1 ©il&IScd 

d o/tx y 4 )i$> \z j; o Mf$,2titcnj£i3 n*nwtm^ 

KStlft-r * iife K±B*«III»©*«« £^/& LT 
±t2mffi%mmm IhISS £ ID Ufcfig \z is tlfcttftEffittaS 
EIBS*ffl^T«J5!Eatlfc«J >^:*->V'-*©JR5iRJS&* 

£ttffliu *^a u ^©^am-^tatJ^ 

T±fESg 2 ©n&ftm*£¥*#*ffiiaB©nffi-?&II 
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&n a. 
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S FETK«fc0»fP««£3fi««£ft*J:3t*nfcJS2©P 
ft>*;HMOS FETii2©N?t>*;HMO 
S FET#"=>ftaCMOS'1'>/\*— ^ IMISS^ffl d £ 

fc«k0. BJfi^p-fe^jWikttttfli^&CMOSjfcaigB 

[0 0 6 9] (3) ±fE«»J^ljlMlHlfSS^'J>^ 

ti^CStlfc^liilffl^lOMOSFETi:, 
*aSS 1 ©MO S F E T*»-f-©*aSEtt**lfc V-X 
Rlt6tira:**lS»«l!©a{2 tl3©fiMOSF 
ETi, ±El2il3©iiMOSFET©FK> 

2^tm^©^l £fg2©MOS FETtf^fta^Kjy- 

J: V ftJE L fc»fPtf»*SJT? * a £ U 3 6 ft a . 

[0 0 7 0] (4) ±I2@Sit$fJ^jlMlHlS§©jlM{f^ 
t±E*l©«jft»«#ttt, *©tt«S6K:»*LJt« 

«E«^c***n. ^-©m«tm^t'S^TjiM^r B wt 
saw^fta citt-.fcoT^ i (Dm^mmznvxmm 

fg-Sf^H/r 5£©*KfflM £ o<fc 5 3 ft *> «k -5 5 

C£K:J:D, ««ISIIS£-€-nicJ:DttW*tiaPLLia 
SSXIStV >S'PLL<h©[HJSg©3i'&14£ffitii 

c«a c: t a £ ^ ■53S**^# e> ft a . 

[0 0 7 1] (5) ¥»tt4&lBlB©*ffij|?#>£ft 

*g£ftfc8l 1 ©J5StS:«^a§Wa«85S!lW3ll5E|5JgS© 
>IS£fg*f £±fe?g 1 ©«*j»flHJ£tffl^T««*fc*# 

t «fc o ±&mmffl'ffl mm. meg £ id t * ft ii^m 

^ d -y ^ £® gg-r a £ t a*-? ^ a t ^ 3 e> ft 
a. 

[0 0 7 2] (6) ¥*#«8tiaft©ftffiflH*ft>Stt 
16 S ftfc JQttRA^ £ * ©jI3£d ^ £ Jt«H« \z A 

tr«to¥^LTmffi^^ic^«sL, mmmmz&K)±.u 

JlSft^SrSttaS 1 ©moft©JPjlMlHlS§©®M(a-^ 
£±E^SS»«^£*ffl^TraJStllSt*f«Lfe«iiS(g-^ 
caJ&U ±iZ£>0rtX7j )l>?\z&K,]&i8 i £?if c ^i£ 

m^zmmnmz^m-fz, 1 1 1> t3±tBffi{snis§©mgg 

ff-^ £ ^ L T±S3tt«t$iJff 2S IhISS £ ID C#t/& ic $ ft 

fzm2<Dmmmmm®&z$mL. 2 ©«ss 
Mwaaiais©affifi^t*^v»T*i»<*:»aEi»©rt 

g|5Ti^S£^fta^D^i7<i^£, ±|E^tgiti«§§(CA 

^ftaiiM^s-^fiE-ra. ^©^p£-e«, fggST^ 

S£^fta^7 a '^11^51^512 ©^ffiKSPiiS 

©iass?rffl^T^afcj?)iciHigs©s-&tt/6^<^i3. y° 

o-t^A5U/*©«»3&«^1iK««SftTCMOSElB 

^©.t •p f«tffi^^^3g©@g§ Srffl ^ a c: £*t vim £ ft a 
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(O^JS^JKfc^T* D!)/U7^H 1 5 6 £*0§LT 
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Stlfc«««WiI3ffiIiIB*ffll^T*JBilE*tl*:U 
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TUz>mimnm<Dm2 ^30iiMosFETt, 
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[0079] *##*aieitto^»sss^^6«jiE&anfc 
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[0080] ^aifrfisiigBo^asMi^siitjtestifc 

»LT«JE«^KJE«U ««EBlc«t0±Effl«ft« 

U ±EP^X7^;^fC«t0JBjBi!c$n&ttBEf3-^S' 
«««^fc«jft"rstit>fc±E»«0BO«8S«^t 

£&isT±mmmmmm®mtmvmj&\ztsntzm2 
m^(Dmmm^\zm^x^mi^mmmm<D^^s 

BiSWJDy^B^t, ±EffiffiJttt«KA*;£*i 

&&m^T^%rz&\z®m<Dm^&&&<tio , ynt 
a y y * ©Rffja^ffi $ nt c m o s m&m <o 

J: 5 J£&«i6 O @B SrJB v>5 <h i ^ s . 
[mi] dO55§Bfc«S^nyd7K^lHlBfl0— ^JBW* 
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